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Abstract
A new fuzzy logic controller (FLC) for the Takagi–Sugeno (TS) fuzzy model based
systems is proposed in this paper. This new FLC has two consequents in each rule. They
are a numerator part and a denominator part. It can be shown that on applying this
FLC, the number of fuzzy sub-systems will remain the same as the number of fuzzy rules
of the plant model. Besides, the overall closed-loop system can be designed such that it
behaves like a linear system. Comparing with the FLCs in the existing design ap-
proaches for TS fuzzy model based systems, the proposed FLC has two major advan-
tages. First, it does not require the complex process of ﬁnding a common Lyapunov
function for a large number of fuzzy sub-systems in order to guarantee the system
stability. Therefore the design procedure of the proposed FLC is much simpler. Second,
by employing the proposed FLC, the closed-loop system performance can be designed.
Illustrative examples will be given to demonstrate the ability and merits of the proposed
FLC.  2002 Published by Elsevier Science Inc.
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1. Introduction
A fuzzy model called Takagi–Sugeno (TS) fuzzy model for non-linear
systems was proposed in [1]. By using this modeling approach, a complex
non-linear system can be represented by a set of fuzzy rules of which the
consequent parts are linear state equations. The complex non-linear plant can
then be described as a weighted sum of these linear state equations. This TS
fuzzy model is widely accepted as a powerful modeling tool. Their applica-
tions to various kinds of non-linear systems can be found in [3–5]. Based on
the TS fuzzy model of a plant, Tanaka et al. proposed a parallel distributed
compensation (PDC) technique to design fuzzy logic controller (FLC) [4–7].
This technique derives a fuzzy control rule according to each model rule of a
TS fuzzy plant model. Each control rule uses the same premise of the cor-
responding model rule. On combining the TS fuzzy plant model and the
FLC, the number of fuzzy sub-systems [2] generated can be as large as
ðrðr þ 1ÞÞ=2, where r is the total number of rules of the TS fuzzy model. A
suﬃcient condition to ensure the stability of the overall closed-loop system is
to ﬁnd a common Lyapunov function which can satisfy all the fuzzy sub-
systems [2–5].
However, a drawback of this stability design approach is the diﬃculty in
ﬁnding the common Lyapunov function for the large number of fuzzy sub-
systems. Recently, many researchers [3–5] applied diﬀerent methods to ﬁnd the
common Lyapunov function. Nevertheless, these methods involve complex
calculations without guaranteeing a solution; the problem of ﬁnding the
common Lyapunov function remains open. Moreover, the performance of the
closed-loop fuzzy control system is diﬃcult to be predicted because it is sta-
bility, not performance, that is considered during the design.
In view of these weaknesses, a new FLC is proposed in this paper [7–9]. This
proposed FLC also applies the PDC design approach. However, there are two
consequents in the consequent part of each control rule of the FLC: a numerator
part and a denominator part of the control signal. While the number of fuzzy
sub-systems involved remains the same, the overall closed-loop TS fuzzy model
based system can be linearized as a transfer function with arbitrary designed
coeﬃcients. Hence a common Lyapunov function is not needed to guarantee the
system stability. Also, the closed-loop system performance can be designed
because the TS controller generates a closed-loop linear system. The trade-oﬀ
for the guaranteed performance is to limit it to that of a linear system.
In Section 2, the TS fuzzy model will be reviewed. In Section 3, the proposed
FLC will be detailed. In Section 4, application examples will be given to il-
lustrate the merits of the proposed FLC. Finally, a conclusion will be drawn in
Section 5.
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2. Takagi–Sugeno fuzzy model
In this paper, the ith fuzzy IF–THEN rule of the TS fuzzy model of an
ðnþ 1Þth order plant is of the following form [1,2,8]:
Model Rule i: IF yðkÞ is Ai0 AND . . . AND yðk  nÞ is Ain
THEN yðk þ 1Þ ¼ yiðk þ 1Þ
¼ ai0yðkÞ þ ai1yðk  1Þ þ    þ ainyðk  nÞ þ bi0uðkÞ
þ bi1uðk  1Þ þ    þ bimuðk  mÞ; ð1Þ
where u and y are input and output of the plant, respectively, yiðk þ 1Þ is the
output of rule i, Ai0; . . . ;Ain are fuzzy sets, ai0; ai1; . . . ; ain and bi0; bi1; . . . ; bim are
coeﬃcients of the linear diﬀerence equation of the consequent part. For sim-
plicity, (1) is re-written into the following form:
Model Rule i: IF hpremise ii
THEN yðk þ 1Þ ¼ ai0yðkÞ þ ai1yðk  1Þ þ    þ ainyðk  nÞ þ bi0uðkÞ
þ bi1uðk  1Þ þ    þ bimuðk  mÞ; ð2Þ
where hpremise ii replaces ‘‘yðkÞ is Ai0 AND . . . AND yðk  nÞ is Ain’’ in (1).
The ﬁnal output of the TS fuzzy model is inferred as follows:
yðk þ 1Þ ¼
Pr
i¼1 liyiðk þ 1ÞPr
i¼1 li
¼ 1Pr
i¼1 li
Xr
i¼1
liai0yðkÞ
"
þ
Xr
i¼1
liai1yðk  1Þ þ   
þ
Xr
i¼1
liainyðk  nÞ þ
Xr
i¼1
libi0uðkÞ þ
Xr
i¼1
libi1uðk  1Þ
þ    þ
Xr
i¼1
libimuðk  mÞ
#
; ð3Þ
where r is the total number of fuzzy rules in the TS model, li ¼ Ai0ðyðkÞÞ 	
   	 Ainðyðk  nÞÞ is the degree of membership for rule i with i ¼ 1; 2; . . . ; r,
‘‘	’’ denotes the ‘‘AND’’ operation, which is implemented by a Triangular
norm (typically the minimum or product operator), and Aijðyðk  jÞ) is the
degree of membership of ‘‘yðk  jÞ is Aij’’ for j ¼ 0; 1; 2; . . . ; n.
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2.1. Simple form
From the general form of (2), if bi0 is non-zero and bi1 to bim are all equal to
zero, the TS fuzzy model can be expressed in a simple form. The ith fuzzy IF–
THEN rule of the TS fuzzy model in the simple form can be written as:
Model Rule i: IF hpremise ii
THEN xðk þ 1Þ ¼ UixðkÞ þ CiuðkÞ; ð4Þ
where
xðkÞ ¼
yðkÞ
yðk  1Þ
..
.
yðk  nÞ
2
66664
3
77775; Ui ¼
ai0 ai1    aiðn1Þ ain
1 0    0 0
0 1    0 0
..
. ..
. ..
. ..
.
0 0    1 0
2
6666664
3
7777775
;
Ci ¼
bi0
0
0
..
.
0
2
6666664
3
7777775
:
Then the inferred output of the TS fuzzy model in the simple form is given by:
xðk þ 1Þ ¼
Pr
i¼1 liðUixðkÞ þ CiuðkÞÞPr
i¼1 li
: ð5Þ
A simple form can also be derived for continuous time systems. The ith
fuzzy IF–THEN rule of an ðnþ 1Þth order system is given by:
Model Rule i: IF x0ðtÞ is Fi0 AND . . . AND xnðtÞ is Fin
THEN _xðtÞ ¼ AixðtÞ þ BiuðtÞ; ð6Þ
where Fi0; . . . ; Fin are fuzzy levels, xðtÞ ¼ ½x0ðtÞ; x1ðtÞ; . . . ; xnðtÞT is a state vector
with _x0 ¼ x1; _x1 ¼ x2; . . . ; _xn1 ¼ xn; uðtÞ is the input,
Ai ¼
0 1    0 0
0 0    1 0
..
. ..
. ..
. ..
.
0 0    0 1
ain aiðn1Þ    ai1 ai0
2
6666664
3
7777775
and Bi ¼
0
0
..
.
0
bi0
2
66664
3
77775:
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Similarly, the ﬁnal output of the fuzzy model is inferred as follows:
_xðtÞ ¼
Pr
i¼1 liðAixðtÞ þ BiuðtÞÞPr
i¼1 li
; ð7Þ
where li ¼ Fi0ðx0Þ 	    	 FinðxnÞ for i ¼ 1; 2; . . . ; r; and FijðxjÞ is the degree of
membership of ‘‘xj is Fij’’ for j ¼ 0; 1; 2; . . . ; n.
3. Fuzzy logic controller design
The proposed design approach is highly related to two properties of the
fuzzy model based control system. They are the coeﬃcient varying property and
the double summation property [8] which will be deﬁned in the following two
sub-sections.
3.1. Coeﬃcient varying property
From (2) and (3), it can be derived that
yðk þ 1Þ ¼ 1Pr
i¼1 li
Xr
i¼1
liai0yðkÞ
"
þ
Xr
i¼1
liai1yðk  1Þ þ   
þ
Xr
i¼1
liainyðk  nÞ þ
Xr
i¼1
libi0uðkÞ
þ
Xr
i¼1
libi1uðk  1Þ þ    þ
Xr
i¼1
libimuðk  mÞ
#
ð8Þ
¼ ad0yðkÞ þ ad1yðk  1Þ þ    þ adnyðk  nÞ
þ bd0uðkÞ þ bd1uðk  1Þ þ    þ bdmuðk  mÞ; ð9Þ
where
adj ¼
Pr
i¼1 liaijPr
i¼1 li
for j ¼ 0; 1; 2; . . . ; n
and
bdl ¼
Pr
i¼1 libilPr
i¼1 li
for l ¼ 0; 1; 2; . . . ;m:
It can be seen from (9) that each coeﬃcients, adj’s and bdl’s, are varying
according to li, and li depends on the values of the state variables. Thus the TS
fuzzy model based system has varying coeﬃcients (adj’s and bdl’s). This is
known as the coeﬃcient varying property. It is these varying coeﬃcients that
make the system highly non-linear.
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3.2. Double summation property
In this paper, the PDC technique [4–7] will be used to design the FLC.
According to the premise of each model rule of the TS fuzzy model, the PDC
design technique derives a control rule under the same premise. Recalling the
model rule of (2), a control rule can be written as:
Control Rule i: IF hpremise ii.
THEN uðkÞ ¼ uiðkÞ; ð10Þ
where uiðkÞ is to be designed. The overall control signal of the FLC is inferred
as follows:
uðkÞ ¼
Pr
i¼1 liuiðkÞPr
i¼1 li
: ð11Þ
Putting the control signal of the FLC of (11) into the TS fuzzy plant model of
(3), the overall closed-loop system becomes:
yðk þ 1Þ ¼ 1Pr
i¼1 li
Xr
i¼1
liai0yðkÞ
"
þ
Xr
i¼1
liai1yðk  1Þ þ   
þ
Xr
i¼1
liainyðk  nÞ þ
Xr
i¼1
libi0
Pr
i¼1 liuiðkÞPr
i¼1 li
þ
Xr
i¼1
libi1uðk  1Þ þ    þ
Xr
i¼1
libimuðk  mÞ
#
: ð12Þ
It should be noted that in the right-hand side of (12), there exists a termPr
i¼1 libi0Pr
i¼1 li
Pr
i¼1 liuiðkÞPr
i¼1 li
;
which involves a multiplication of two summations. This is known as the
double summation property. In this case, the number of fuzzy sub-systems is r2.
This is because each control rule of the FLC is simultaneously applied to all the
model rules of the TS fuzzy model. With some manipulations [2], the number
of fuzzy sub-systems can be further reduced to ðrðr þ 1ÞÞ=2. Still, since the
number of fuzzy sub-systems increases due to the introduction of the FLC, the
performance of the closed-loop system becomes very diﬃcult to design and
analyze.
3.3. Proposed FLC
To tackle the undesired coeﬃcient varying property and double summation
property of the TS fuzzy model based control system, a new FLC of the fol-
lowing form [7–9] is proposed.
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Control Rule i: IF hpremise ii.
THEN num½uðkÞ ¼ uiðkÞ
¼ adi0yðkÞ þ adi1yðk  1Þ þ    þ adinyðk  nÞ
þ bdi1uðk  1Þ þ    þ bdimuðk  mÞ þ R
den½uðkÞ ¼ bi0;
ð13Þ
where num[u(k)] is the numerator of uðkÞ, den[uðkÞ] is the denominator of uðkÞ,
adij ¼ acj  aij for all j ¼ 0; 1; 2; . . . ; n, bdil ¼ bcl  bil for all l ¼ 1; 2; . . . ;m, R is
the reference input of the closed-loop system, acj and bcl are some coeﬃcients
independent of i to be designed later.
The main diﬀerence of the proposed FLC of (13) from the conventional
FLC [1–6] is that there are two consequents in the consequent part of the rules:
a numerator and a denominator. From (13), the inferred output of the pro-
posed FLC is:
uðkÞ ¼ num½uiðkÞ
den½uiðkÞ ¼
Pr
i¼1 liuiðkÞPr
i¼1 liPr
i¼1 libi0Pr
i¼1 li
¼
Pr
i¼1 liuiðkÞPr
i¼1 libi0
: ð14Þ
Substituting this control signal into the TS fuzzy plant model of (3), the closed-
loop fuzzy control system becomes:
yðk þ 1Þ ¼ 1Pr
i¼1 li
Xr
i¼1
liai0yðkÞ
"
þ
Xr
i¼1
liai1yðk  1Þ þ   
þ
Xr
i¼1
liainyðk  nÞ þ
Xr
i¼1
liadi0yðkÞ þ
Xr
i¼1
liadi1yðk  1Þ
þ    þ
Xr
i¼1
liadinyðk  nÞ þ
Xr
i¼1
libdi1uðk  1Þ þ   
þ
Xr
i¼1
libdimuðk  mÞ þ
Xr
i¼1
libi1uðk  1Þ þ   
þ
Xr
i¼1
libimuðk  mÞ þ
Xr
i¼1
liR
#
: ð15Þ
It can be seen that no double summation term appears in the closed-loop
system of (15) when the proposed FLC of (13) is used. Hence, the number of
fuzzy sub-systems remains to be r. Furthermore, from (15) and (13),
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yðk þ 1Þ ¼ 1Pr
i¼1 li
Xr
i¼1
liðai0
"
þ adi0ÞyðkÞ þ
Xr
i¼1
liðai1 þ adi1Þyðk  1Þ þ   
þ
Xr
i¼1
liðain þ adinÞyðk  nÞ þ
Xr
i¼1
liðbi1 þ bdi1Þuðk  1Þ þ   
þ
Xr
i¼1
liðbi1 þ bdi1Þuðk  mÞ
#
þ R
¼ 1Pr
i¼1 li
Xr
i¼1
liac0yðkÞ
"
þ
Xr
i¼1
liac1yðk  1Þ þ   
þ
Xr
i¼1
liacnyðk  nÞ þ
Xr
i¼1
libc1uðk  1Þ þ   
þ
Xr
i¼1
libcmuðk  mÞ
#
þ R:
Since acj and bcl are independent of i,
yðk þ 1Þ ¼ 1Pr
i¼1 li
ac0yðkÞ
Xr
i¼1
li þ ac1yðk  1Þ
Xr
i¼1
li þ    þ acnyðk  nÞ
"
	
Xr
i¼1
li þ bc1uðk  1Þ
Xr
i¼1
li þ    þ bcmuðk  mÞ
Xr
i¼1
li
#
þ R
¼ ac0yðkÞ þ ac1yðk  1Þ þ    þ acnyðk  nÞ þ bc1uðk  1Þ þ   
þ bcmuðk  mÞ þ R:
Furthermore, if we choose bdil such that bcl ¼ 0 for all l ¼ 1; 2; . . . ;m, the
overall closed-loop system becomes
yðk þ 1Þ ¼ ac0yðkÞ þ ac1yðk  1Þ þ    þ acnyðk  nÞ þ R: ð16Þ
Hence, the closed-loop system is reduced to a linear system of (16) by ap-
plying the FLC of (13). Since (16) is a characteristic equation of the linear
system, the coeﬃcients ac0; ac1,. . ., acn govern the location of the closed-loop
poles. By designing the poles of the closed-loop system, the coeﬃcients can
be found, the performance of the closed-loop system can be designed, and
the system stability can be guaranteed without resorting to ﬁnd a common
Lyapunov function. The design of the FLCs for continuous time systems of
(7) is similar to that for the discrete time case, and it will not be detailed
here.
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4. Examples
4.1. Control of a TS fuzzy model based system
Consider a TS fuzzy model based system as follows:
Model Rule 1: IF yðkÞ is M1 AND yðk  1Þ is M1
THEN yðk þ 1Þ ¼  2yðkÞ  3yðk  1Þ  yðk  2Þ þ 0:2uðkÞ
þ 0:1uðk  1Þ:
Model Rule 2: IF yðkÞ is M1 AND yðk  1Þ is M2
THEN yðk þ 1Þ ¼ yðkÞ  2yðk  1Þ  2yðk  2Þ þ 2uðkÞ þ 1:5uðk  1Þ:
Model Rule 3: IF yðkÞ is M2 AND yðk  1Þ is M1
THEN yðk þ 1Þ ¼  yðkÞ  2:5yðk  1Þ  yðk  2Þ þ 0:3uðkÞ
þ 0:1uðk  1Þ:
Model Rule 4: IF yðkÞ is M2 AND yðk  1Þ is M2
THEN yðk þ 1Þ ¼  1:5yðkÞ  2yðk  1Þ  2yðk  2Þ þ uðkÞ
þ 0:8uðk  1Þ;
where M1 and M2 are fuzzy sets of which the membership functions are shown
in Fig. 1. The minimum operation is used to implement the ‘‘AND’’ operation.
With reference to (2),
a10 ¼ 2; a11 ¼ 3; a12 ¼ 1; b10 ¼ 0:2; b11 ¼ 0:1;
a20 ¼ 1; a21 ¼ 2; a22 ¼ 2; b20 ¼ 2; b21 ¼ 1:5;
a30 ¼ 1; a31 ¼ 2:5; a32 ¼ 1; b30 ¼ 0:3; b31 ¼ 0:1;
a40 ¼ 1:5; a41 ¼ 2; a42 ¼ 2; b40 ¼ 1; b41 ¼ 0:8:
An FLC is to be designed such that the desired closed-loop system is given by
yðk þ 1Þ ¼ 0:3yðkÞ þ 0:2yðk  1Þ  0:35yðk  2Þ þ R; ð17Þ
Fig. 1. Membership functions of example 1.
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where R ¼ 1. With reference to (16), ac0 ¼ 0:3; ac1 ¼ 0:2; ac0 ¼ 0:35. Hence
from (13) the corresponding control rules are as follows:
Control Rule 1: IF yðkÞ is M1 AND yðk  1Þ is M1 THEN
num½uðkÞ ¼ 2:3yðkÞ þ 3:2yðk  1Þ þ 0:65yðk  2Þ  0:1uðk  1Þ þ R
den½uðkÞ ¼ 0:2:
Control Rule 2: IF yðkÞ is M1 AND yðk 1) is M2 THEN
num½uðkÞ ¼ 1:3yðkÞ þ 2:2yðk  1Þ þ 1:65yðk  2Þ  1:5uðk  1Þ þ R
den½uðkÞ ¼ 2:
Control Rule 3: IF yðkÞ is M2 AND yðk  1Þ is M1 THEN
num½uðkÞ ¼ 1:3yðkÞ þ 2:7yðk  1Þ þ 0:65yðk  2Þ  0:1uðk  1Þ þ R
den½uðkÞ ¼ 0:2:
Control Rule 4: IF yðkÞ is M2 AND yðk  1Þ is M2 THEN
num½uðkÞ ¼ 1:8yðkÞ þ 2:2yðk  1Þ þ 1:65yðk  2Þ  0:8uðk  1Þ þ R
den½uðkÞ ¼ 1:
Assuming that the initial value of yðkÞ is 1 for all k6 0, the output response of
the closed-loop system is shown in Fig. 2. It is found that the response matches
exactly with that obtained based on (17).
Fig. 2. Output response of example 1.
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4.2. Balancing an inverted pendulum
The proposed FLC is applied to balance a car-pole inverted pendulum as
shown in Fig. 3. The equations of motion of the inverted pendulum are as
follows [5,9]:
_x1 ¼ x2;
_x2 ¼ g sinðx1Þ  amlx
2
2 sinð2x1Þ=2 a cosðx1Þu
4l=3 aml cos2ðx1Þ ; ð18Þ
where x1 denotes the angle (in radians) of the pendulum from the vertical, and
x2 is the angular velocity (in rad s1), g ¼ 9:8 ms2 is the acceleration due to
gravity, m ¼ 2:0 kg is the mass of the pendulum, M ¼ 8:0 kg is the mass of the
cart, 2l ¼ 1:0 m is the length of the pendulum, and u is the force applied to the
cart (in N); a ¼ ðmþMÞ1.
The inverted pendulum can be modeled by a TS fuzzy model in continuous
time domain with the simple form of (6) [5]. The rules are as follows:
Model rule 1: IF x1 is about 0
THEN _x ¼ A1xþ B1u:
Model rule 2: IF x1 is about  p2 where jx1j < p2
THEN _x ¼ A2xþ B2u:
Model rule 3: IF x1 is about p2 where jx1j > p2
THEN _x ¼ A3xþ B3u:
Fig. 3. A car-pole inverted pendulum.
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Model rule 4: IF x1 is about p
THEN _x ¼ A4xþ B4u;
where
A1 ¼
0 1
g
4l=3aml 0
 
; B1 ¼ 0b10
 
; b10 ¼  a
4l=3 aml ;
A2 ¼
0 1
2g
pð4l=3amlb2Þ 0
 
; B2 ¼ 0b20
 
; b20 ¼  ab
4l=3 amlb2 ;
A3 ¼
0 1
2g
pð4l=3amlb2Þ 0
 
; B3 ¼ 0b30
 
; b30 ¼ ab
4l=3 amlb2 ;
A4 ¼ 0 10 0
 
;B4 ¼ 0b40
 
; b40 ¼ a
4l=3 aml ; b ¼ cosð88Þ:
With reference to (7),
a10 ¼ 0; a11 ¼ 17:2941; b10 ¼ 0:1765;
a20 ¼ 0; a21 ¼ 9:36; b20 ¼ 0:0052;
a30 ¼ 0; a31 ¼ 9:36; b30 ¼ 0:0052;
a40 ¼ 0; a41 ¼ 0; b40 ¼ 0:1765:
The membership functions for Rules 1–4 are shown in Fig. 4. The universe of
discourse of x1 is [p; p]. In [5], the state feedback technique was applied to
design the FLC. Although the system stability can be guaranteed, the system
performance cannot be predicted. To overcome this limitation, the proposed
FLC can be employed. Suppose the speciﬁcation of system performance re-
quires a damping ratio of 1, and a 2% settling time of 0.5s. Since the system is a
second-order linear system, the characteristic equation can be
Fig. 4. Membership functions of example 2.
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s2 þ 2nxnsþ x2n ¼ 0
s2 ¼ 2nxns x2n ¼ ac0sþ ac1;
ð19Þ
where n is the damping ratio, xn is the undamped natural frequency [10], ac0 ¼
2nxn, and ac1 ¼ x2n. Hence n ¼ 1 and
2% settling time ¼ 0:5 ¼ 4
nxn
xn ¼ 8:
From (19), ac0 ¼ 16, and ac1 ¼ 64. Hence the following FLC is designed.
Control rule 1: IF x1 is about 0
THEN numðuÞ ¼ ½81:2941 16x; denðuÞ ¼ b10:
Control rule 2: IF x1 is about p2 where jx1j < p2
THEN numðuÞ ¼ ½73:3583 16x; denðuÞ ¼ b20:
Control rule 3: IF x1 is about p2 where jx1j > p2
THEN numðuÞ ¼ ½73:3583 16x; denðuÞ ¼ b30:
Control rule 4: IF x1 is about p.
THEN numðuÞ ¼ ½64 16x; denðuÞ ¼ b40:
The system output response on applying the proposed FLC is shown in Fig. 5.
The initial condition of x is ½p 0T. The system response from a linear system
Fig. 5. Response curves of example 2 for pole locations at )8, )8.
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with poles at 8 and 8 is also plotted in the same ﬁgure. The two curves are
so close to each other that they cannot be distinguished. The small diﬀerence is
caused by the model error of the TS fuzzy model. The system performance can
be designed by employing the proposed FLC.
5. Conclusion
This paper proposes a new FLC for TS fuzzy model based systems. First, the
coeﬃcient varying property and the double summation property of the con-
ventional TS fuzzy model based systems are addressed. The coeﬃcient varying
property makes the closed-loop system become highly non-linear, while the
double summation property makes the number of fuzzy sub-systems increase
drastically. Then it is shown that the proposed FLC can tackle these two un-
desirable properties by dividing the control signal into a numerator part and a
denominator part. With proper choices of the controller parameters, the
overall closed-loop system can be designed such that it behaves like a linear
system. Hence, the closed-loop system performance can be designed and the
stability can be guaranteed without the need of ﬁnding a common Lyapunov
function for a large number of fuzzy sub-systems. The trade-oﬀ for the guar-
anteed performance is to limit it to that of a linear system. The proposed design
method is applied to design FLCs for a TS fuzzy model based system and a car-
pole inverted pendulum. Both FLCs can control the systems well and make the
systems meet the desired performance speciﬁcations.
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